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Isolation of distinct cDNA clones encoding HLA-DR p chains by 
use of an expression assay 

(b antfgec/monoctonil «nta»dlei/oocyte btfectfao) 

Ewe O. Lonc*. Claire T. Wake*^, Michel Strubin*. Nicole Gross*, Roberto S. Accolla*. 
Stefan Carrel*, and Bernard Mach* 

•DjMrfMkflUAw UnWofOnevM^ School. IMS 0*v, SwterUnd; m* tU^ In*** far to R~~K U«-»e fc«eh. I0» 

Epthnges, SwftzeHtnd 

Ctfmmuntoiterf by Igor B. Dauid, August 20. 1982 

ABSTRACT cDNA done* encoding different human U anti- 
gen 0 chains were Isolated by use of a compleinenUHon-eipresslon 
assay In Xenoput oocytes. The assay was based on two previous 
findings. First, oocytes Injected with mRNA from a human B*el! 
line express HLA-DR antigen. The three Intracellular DR chains 
are assembled in oocytes and tan be ImmunoprecipiUted^th 
anti-DR monoclonal antibodies. Second, we have isolated cDNA 
cfonei encoding DR or and intermediate chains. In order to Iden- 
tify 0-chain cDNA clones, mRNA was hybrid-selected with pools 
of cDNA clones, mixed with mRNA for the or and mterinediate 
chains, and injected into oocytes. We isolated two distinct Hones 
mat could select DR 0-chain mRNA as demonstrated by assembly 
of the translation product wM DR a chains and hnmunopreefp- 
ftatioo with DR-specific monoclonal antibodies. One clone is spe- 
cific for a 0 chain of the DR locus. The other done, raud> weaker 
m its ability to select DR mRNA, encodes another la-like 0 chain. 
Full-length cDNA dones corresponding to the DR and la-IOce? 
chains were isolated and compared. Cross-hybridization was de- 
tectable in the coding regions but not in the 3' untranslated re- 
gions. Distinct RNAs homologous to the DR and the la-Ifte 0- 
chain dones were present tn B cells but were undetectable in three 
T«<*11 lines. m 

HLA-DR antigens are highly polymorphic cell surface glyco- 
proteins found primarily on B lymphocytes ami macrophages. 
They ire thought to play an Important role in the immune re- 
sponse by regulating the interaction among antigen-presentJng 
cells, T cells, and B cells (1). They are also important in the 
stimulation of the mixed lymphocyte reaction, m aTograftre- 
jection, and in their linkage to disease susceptibility (2, 3). Their 
tissue distribution as well as their biochemical nature suggest 
that they are the human equivalent of the mouse la antigens, 
encoded in the I region of the mouse H-2 complex (reviewed 
m rrf. 4). HLA-DR antigens are therefore often referred to as 

human la antigens (Fig. 1). , 

At the cell surface, HLA-DR antigens are made up of two 
noncovalently linked subunits, the Af r 35,000 or chain and the 
M. 29,000 0 chain (5). The allelic polymorphism is restricted 
to the 0 chain (6-8). Several genes may exist for HLA-DR 0 
chains because structurally distinct 0 chains have been distin- 
guished with monoclonal antibodies (9). A third subunit— called 
-invariant" (10), V 0D. "intermediate" (12)— is associated 
mtraceUularfy with DR antigens. It is thought to be involved 
in assembly or transport of DR antigens to the cell surface (11, 

^Serological studies of human la antigens have demonstrated 
that, besides DR, other molecules (e.g., DC-1) exist with as yet 
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undetectable or limited polymorphism. These inolecules are 
coded for by genes In dose linkage disequilibrium with the clas- 
sical polymornhic DR locus (14-16). Another locus, termed SB, 
which controls a secondary lymphocyte reaction has been shown 
to encode la antigens (17). The existence of seven different 0 
chains In a DR-homoxygous cell line has been established bio- 
chemically (18). A direct molecular analysis would help under- 
stand the relationship between these genes. 

We showed previously that XenotK'S oocytes injected with 
mRNA from the human B-ceiJ line Rajl translate andassemWe 
DR antigens that can be immuiwprecipltated with mofiockmal 
antibodies (12). A RN A fraction enriched for the three mRNAs 
encoding the o, intermediate, and 0 chains was isolated (12). 
A cDNA done encoding the DR a chain, as evidenced by se- 
quence analysis, was isolated (19). Another cDNA done was 
isolated which most probably encodes the Intermediate chain; 
its isolation and characterization will be described elsewhere. 
The availability of the assembly system in oocytes and of cDNA 
clones encoding a and intermediate chains allowed us to screen 
for 0 cDNA clones by a cc^plcmeritatkm-expressioo assay us- 
ing DR-spedfc monodonal antibodies. Here we report on the 
isolation and comparison of several cDN A dones encoding dis- 
tinct HLA-DR 0 chains as well as a 0 chain of another la-like 
locus, 

MATERIALS AND METHODS 

Preparariofi of RNA and of cDNA Oooes. Cytoplasmic 
pory(A)*RNA from the human B-ceD line Raji (DR 3,w6) was 
prepared and enriched for HLA-DR mRNA as described (12). 
Pory(A)*RNA from other sources was prepared by * l0m0 p*5|*" 
tag frozen ccfls or tissues in 4 M guaiii^um AiocTanate 
as described (20). The hornogenate was aoMedtoaCsaprndient 
and the RNA was pelleted as described for cytoplasm* Raji 
RNA(12). Proa\ictJon of cDN A dones from the enriched mRNA 
faction and the constructs 
clones have been described (19). 

Positive Hybrid-Setceto of mRNA. Our proto^ was mod- 
ftled from the origtoalpt)ce^ 

DN A was prepared by the standard deaiediysateande^o^m 
biomkle/CsCl density ceotrffogatkm procedure, treated with 
0.5% diethylpyrocajbonste, passed over a SeptWose2B i col- 
umn, and then covalently bound to dWbenrytoxyniethyl^ 
per (Schleicher ft SchuetT) as described (21). On avera«^« 
was bound on a 1-cm 1 filter, k^ehybridizarJoo was at JTCfor 
2-4 hr in 50% (vol/vol) twmtmide (Merc* jW^ed L*"^ 
and detonixed)/2() mM Pipes, pH 8.4/0.75 M NaCI/2 mM 

AbbcevWiom: bp. base pam»; NsO/Ot, 0. 15 M NaO/0.015 M so- 
t^e^idoW Btogen be, Cambridsje, MA 02142. 
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Pto. 1. Lod tncodJnj class I and :lass II antigen* In the mouss 

(H-2) and ths human (HLA) maior histocompatibility complsx. HJK, 
J) t and -L lod In ths mouse and HLA-A,B t and -Clod in ths human 
tneoda data I antigens which are found on moat colls. The / region In 
mouse encodes daw II or la antigens. The HLA-D region in the human • 
la functionally simitar to the mouse / region. The position of the DC 
and DR lod relative to each other is not known. Distance* are not to 
scale. The centromers is indicated by a knob at the left. 

EDTA/0.4% NaDodSOyi* glycine containing Escherichia 
coll tRNA at 0.3 mg/ml and poly(A) at 0. 1 mg/ml. 

Hybridization with pory(A) + RNA was in the same buffer 
without glycine, tRNA, and po!y(A) at 37% for 20 hr. Filter* 
were wAihed three times it 3rC In hybridisation buffer, three 
time* at 22*C In 10 mM TrirHCI, pH 7.4/1 mM EDTA/0.1 
M NaCl/0. 1% NaDodSO* and three timet at SO* C for 10 mln 
in 10 mM Tris-HCI, pi! 7.4/1 mM EDTA. Hybridized mRNA 
was eluted in two 150-fd portions of 5 mM Tris-HCI, pH 7.4/ 
0.5 mM EDTA containing rabbit tRNA at 6 Mg/ml by heating 
at 98°C for 75 tec. Eluted RNA was adjusted to 0.3 M sodium 
acetate (pH 5.0) and precipitated twice with ethanol. 

Knowing the sensitivity of the translation assay for DR mRNA 
injected into Xenopus oocytes (12) and the efficiency of the hy- 
brid-selection procedure, we calculated that 1 0 cDNA done 
in a pool of 50 cDN A clones should be detectable. Eleven l-cm* 
filters, each loaded with 50 different cDNA clones, and one 
control Alter with pBR322 were incubated with 300 jig of 
poly(A) + RNA in 200 pi. Under these conditions, the molar 
mRNA/DNA coding strand ratio was 2:1 for a mRNA repre- 
senting 0.02% of the mRNA population. In the subsequent 
rounds of screening, with either 10 clones or 1 clone per niter, 
recovery of 0-chain mRNA was higher because the DNA was 
in molar excess. Each sample was complemented with mRNA 
for the a and intermediate chains, which had been selected from 
25 fig of poly(A) + RNA under conditions of cDNA excess. 

Injection of Xenopus oocytes with mRNA and detection of 
translation products by immunopredpftation were performed 
as described (12). Anti-DR rabbit antiserum and monoclonal 
antibodies DM2, D4-22, and ftl 2.2 have been described (12. 
22). 

DNA Labeling and Sequence Deterromatfon. Restriction 
fragments were extracted from acrylamlde gels and purified 
over DEAE-cellulose columns (23). Fragments were labeled 
either Internally by the nick-translation procedure (24) or ter- 
minally with [er-^PjdNTP (Amersham) and Klenow DNA poly- 
merase I (Boehringer Mannheim). Fragments subcloned in 
M13 vectors were analyzed by the procedure of Sanger et at 
(25). 

Hybridizations, Dot hybridizations were performed as de* 
u-rtbed (26). Filters were washed several times at 50*C In 4x 
standard saline citrate (NaCI/CIt; 0.15 M NaCI/0.015 M so- 
dium citrate) before a series of 30-min washes at the indicated 
stringencies. Gel-transferred RNA bound to diazobenzyloxy- 
methyl-paper was hybridized as described (27) and washed 
twice for 30 min at each of the following conditions: 50* form- 
amide/5x NaCI/Clt/0.5% NaDodS0 4 at 4TC; 50% form- 
amide/2x NaCl/Cit/0.J>> NaDodS0 4 at 42*C; 5x NaCI/Cit/ 
0.1% sodium pyrophosphate/0.5% NaDodS0 4 at 65°C; lx 
NaCI/Cit/0.1 NaDodSOj at 65°C; 0.2x NaCl/Cit/0.1% 
NaDodSO* at 65°C; and 0.1 x NaCI/Cit/0.1% NaDod$0 4 at 



65°C. Filtenweredehybridizedbyboilmgfo 
Tris-HCI pH 7.4/0.5 mM EDTA. 

RESULTS 

Five hundred fifty cDN A clones derived from a Raji mRNA frac- 
tion enriched for DR mRNA (12) were grouped in cools of 50. 
mRNA was selected with each pool by positive hybrid-selection, 
mixed with mRNA for the a and the Intermediate chains, and 
Injected Into Xenopus oocytes. Each sample was immunopre- 
cipltated with a pool of anti-DR monoclonal antibodies all di- 
rected against monomorphic determinants on the DR 0 chain. 
In 2 of 11 pools a small amount of DR antigen was synthesized 
in the injected oocytes. Both positive cools were divided in five 
pools of 10 clones each and screened again with the comple- 
mentation-expression assay. One of five pools in each group was 
again positive (Fig 2). A final round of screening identified 
cDNA ckmes 6&6 and 83-7 as the 0<haii» clones. The fi chain 
synthesized in oocytes injected with mRNA hybrid-selected 
with cDNA done 83-7 was also ImmunonreciDitated with anti- 
DR monoclonal antibodies in absence of complementation with 
a and Intermediate chains (Fig. 3). In contrast, cDNA done 68- 
6 was much less efficient in selecting DR 0*hain mRNA and 
was not detected in rite absence of complementation. This dif- 
ference between 83-7 and 68-6 was reproduced in (oree sepa- 
rate experiments. 

Hie size of the cDN A Insert was 180 bose pairs (bp) for done 
83-7 and 470 bp for clone 684. Two long cDNA clones hybrid- 
izing with 83-7 at high stringency were isolated from a library 
of size-selected cDNA clones derived from Raji poly(A) 4 RNA. 
Becanse 83-7 was able to select efficiently, at high stringency, 
DR 0 mRNA, as evidenced by assembly with DR a chain in 
oocytes and Immunoprecipitation with anti-DR monoclonal an- 
tibodies, we consider that these dones encode DR 0 chains. 
They were called DR 0-1 and DR 0-2 and were found to be 
similar by restriction enzyme analysis (Fig. 4). Several long 
cDNA dones, derived from a DR 7,7 homozygous cell line, 
also isolated by hybridization with 83-7 (unpublished 




■cx 
•In 



Pto. 2. Idsntlfieation of cDNA donas encoding 0 eh* In* by scorn* 
plementotf on-expreasion assay. Each of th« two original positive pools 
of 60 cDNA dones was divided into five pools of 10 clones, cumbered 
64-66 and 79*63. mRNA selected with these cDNA clones was mixed 
with mRNA (or the a and the intermediate chain. After injection into 
Xenopus oocytes and labeling with l M $lmethlonine, the translation 
products were bm i un o p ietipitated with a pool of anti-DR monoclonal 
antibodies DM2, 04-22, aud BT 22 and analysed in nonredodng 12% 
NaDoo^/poryacrylainide gels. Total mRNA was injected into con- 
trol oocytes (mRNA). The positions of the a, intermediate (In), and 0 
chains art indicated. 
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Fto. 3. Identification of two pocitirt 0 cONA ckmet by tha com- 
pltunraUtion-txpraMion aaaay. Amopitf oocytat warn injected with 
mRNA hybrid-aalectad by uaeof the following cDNAdouae: aand in- 
Urm#dl«U (Unas 1, 6, and 7>, 664 (lane 2); 83-7 (Iim Sh o, Inter- 
mediate, and 6M (lane 4); a, Intemediate, and «3.7 (lane 6). A eon- 
etant amount of ttybrid-eeleeted mRNA was addad to each sample. 
Control oocytes ware injected with R*|i mRNA0anea5and9).AIyBata 
of("o>ethionii^uU»ladR^eallawM 

10). Translation products were ImmtmojrrodpiUted with a pool of roti- 
DR monoclonal antibodioo Dl-12, D4-22, and Oanae 1-5 and 7- 
10) or with a rabbit enti-DR antiserum (lant 6) and analysed In non- 
radudng 13% NaDodSO^polyaoylamida gala. Tha molerular waight 
ofproWninjrk6nU|Jvac>U0^Tte 
On), and 0 chains ara tndtoetad. 

data). The sequence of one of them showed high homology with 
the amino add sequence determined by Kratadn ei al (18) for 
a human la 0 chain. A portion of the sequence around the Htefl 
site fast mapped lu done 83-7 Is shown In Fig. 5. 

A long cDNA done was isolated from the Raji library hy hy- 
bridization with 684. Because its restriction map was com- 
pletely different bom that of the DR dones, it was called lavlike 

SI (Fig. 4). The DR and la-like dones were compared further 
ooss-hybridkations at varying stringencies (Fig. €). DNA 
sequences from the 3' untranslated regions did not cross-hy- 
bridize. On die other hand, DNA sequences encoding the first 
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AD^GCAGC6GCOTT^TCCTCAG6T6ACT6TGTATCCT 

TVORRVHPOVTVYP 

0-K 

Tul ft. NodootkJe SMoenee sptdfyini amino adds 90-103 of a 
HLA-DR p chain from a DR 7,7 homotygoua call Una. Tht 91-hp P$t 
1 fragment of a long cDN A dona waa eubclooed in wn6 aid subjected 
to stqueoee emu>«b in both orientation* Tha template sequence of 
the DR 0 chain will bo pobtished etsewhera. Top Una* nudsoUde ee- 
queoee; middk Una, defaced amino add aequenoe; bottom Una, eor- 
raponding amino add aequanea of a human U0 chain from a DR2J 
homoayfous cell Una (18) (daahaa indicate identity). 

domain of 0 chains did cross-hybridize at an ftntermediate strin- 
gency, la-like cDN A done 684, which contains the COOH-ter- 
minal portion of the coding sequence, also cross-hybridized 
with the DR cDNA done at an intermediate stringency. 

Because la antigens are found primarily on B cells we tested 
whether the mRNA corresponding to the DR and the Mike 
p cDNA dones were also B<ell specific (Fig. 7). BothDR0- 
1 and la 0-1 hybridized to a RNA species of about 1,300 nu- 
cleotides that was expressed In two B-cefl lines and in B cells 
from a patient with chronic h/mphocytf - leukemia but unde- 
tectable In three T<eD lines and in pancrej* A low levd of DR 
0 mRNA may be present In liver. In addition to die l.tttau- 
deotkie-kmg RNA, each cDNA done hybridized to an addi- 
tional and distinct minor RNA species. The DR 0-1 done hy- 
bridised to a RNA 1,600 nucleotides long, whereas the la-like 
0-1 done hybridized to a RNA 1,650 nucleotides long. These 
longer transcripts are not nbdear RNA precursors because they 
were present to a cytoplasmic RNA preparation from Raji cells. 

DISCUSSION 

The strategy far the identification of HLA-DR 0-chaln cDNA 
dones was ibesed on two facts. First, Xenc^ oocytes injected 
with mRNA from the human B-ceO line Raji translate and as» 
aemble the a, intermediate, and 0 DR chains into a complex 
that can be recognized by anti-DR mofwJorjal antibodiri (12). 
Second, we have Isolated cDNA dones encoding the DR a 
chain (19). Tne aetroence of die a cDNA corresponds eactiy 
to the known NHrtenninal sequence of the DR a chain. We 
have abo isolated cDNA dones etKcdingir^Mcerytrjebtrman 
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Fto. 4. M«* of the HLA-DR md U-UJu> £«h*in eDNA doom. 8jmboU fa*£»t» Dm ^^J^^^^^^ SJ5EJ.2iLtij 
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fct^^m. Utow b/ hrMitoUon with 6M. towrti of «H U»ew tkmmv, bourn! by P* I dtw. Upp. »1 fath«doc* 

on tht MajMoetof om of oarDR fi donas (Pl#. S; mqnblUMd data). >a* Amino Mid. 



7468 Immunology: Long rial- 



f § & 



Proc Natl Acad. Set USA 79 (198S) 



83-7 




CD £ N 

a Qm 


? g • 

il □ m 


» • 

» » 




• 








OR 5* 


DR 3' 


■ • • 






• • 












la 5* 


la 3* 



68-6 



Fto.6. (WhyWdUiUoni of DR tod U-llkecDNA daw* PJ** 



Crfdoot DR £1 (DR 6'), M 1 fragment B of dow DR M ©R 3'> ; 

M tn*r*ni lof done lavllke frl (la 6), and BeoRI/Ptf I Npwnt 

flofel«»684(U3aTh*t3»cifica^M^ 

than that of the otto* therefore ttfmin^ri^lte^ 

wMheoforthed^erenthoriiontdiw 

Ctt whkh it 48-C below th« U of • DN A aequence with 80% faaaa 
pt^^KTC, Olx NaCl/cTt, 24-C below ^ c W»* NjO/ 
CftlFCbelowfcVd. WC, 10mMW»HarH 7.4/1 mMEDTA.whkh 
cunwporab to the final wash in the hybrid-aelectton proeedore. 

equivalent of the mouse Invariant chain (unpublished data), the 
Intermediate chain (12). Because nc amino add sequence Is 
available for these chains, identification of the done, relied on 
the analysis of translation products. Hie screening for p cDNA 
clones was based on the prediction that the translation products 
of hybrid-selected 0 mRNA, mixed with mRNA for the a and 
intermediate chains, would assemble in the oocytes and could 
be immunoprecipitated with anrJ-DR monoclonal antibodies. 

With this complementation-expression assay a DR jfWjain 
cDNA done can be identified by two lines of evidence. The first 
is assembly with DR a chain. Because there is only one o gene 
hybridizing with a cDNA clones at high stringency (19). the 
hybrid-selected a mRNA will only encode DR a chain. Het- 
erodlmers of DR a chains with other 0 chains have not been 
observed fn dco (9, 15). Therefore, only DR 0 chains are ex- 
pected to assemble with DR or chains. Hie second line of evi- 
dence is based on the use of DR-specific mOTOcloiulMtiballes 
for the Immunopredpitatkm. These monodonal [antibodies will 
not detect the translation products of the a- and mtermediate- 
chain mRNAs alone or the a and intermediate chains cotrans- 
lated with the mRNAs selected with unrelated cDNA clones 
(Figs. 2 and 3). Translation products of 0 mRNA alone were 
either not detected (with done 68-6) or detected as a single tend 
comlgratingwi* 0 chain (with done 83-7). Only when the three 
mRNAs were cotranslated did immunopredpltarJon of a typical 
DR complex take place. 
One done, 83-7, was consistently stronger than the other, 
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Flo. 7. UNA mo)ecnl«« hwnotoeoui MP* 
eDNA dmm. Po!jr<A)*RNA (2 wai d«^ur«d ^IwtropjKn^ 
m • US* wm |«1 u (taeritad (80) to ****** 

paper mUNefilUr m first hybridlad with "P-Ub»M l-Uto » 
lcDNA (A). AfUr intcTmdiofrtphy tha Alter waa AritfMdbad. 
stocked by«ator«llo«rmph T for tte lows of ^-taMad DNA.««In* 
SteH with ^SrieS DR 0-1 cDNA (B). WpoljJA)*^* 

JIM. T-«ll Una CEM; 5. T-eeO line Molt 4; 6, B^ell lin* HHK; 7. B 
calls isolated from • patient with chronic lyiwhoeytie leukemia; B,qr- 

Bit Ulobaaea. Ewtpt for human USand 28S ribctomalRNA 
(32). raarkeri wtia mtr lctton fragment* of the plasmM pBB322. 

68* in te ability to select DR B mRNA. We consrfertWefoTe 
that it encodes aDR0 chain. Corresponding foH-Iengthdonea 
were isolated. The sequence of a cDNA done derived from the 
mRNA ofa DR 7.7 homozygous cell line shows high homology 
with the amino add sequence of a human la B chain from a DR 
2.2hoinotyKOus line (Fig. 5; ref. 18). Thbw>«~^«2TS! 
wis determined for the most abundant but undefined g chain 
(18). We have obtained evidence for at feast three DR 
genes In the DR 7,7 homozygous line (unpublished data). These 
DR /tahain genes are homologous to but dearly distort from 
other Ia-Iike 0-chain genes. The evidence is basedonanar/sis 
ofcDNA clones and of genomic DNA clones. Therefore, even 
if the amino add sequence published by Kratzin el at (18) » 
of a DR chain, the differences observed with our cDNA done 
do not necessarily reflect allelic polymorphism. For the same 
reason, the two clones DR B-l and DR 0-2 isolated from the 
heterozygous line Raji (Fig. 4) are either allelic or nonallelic 
forms 

A long cDNA done was also Isolated from the Raji cDNA 
library by hybrfdimtton with 684 at high stringency; it was 
called Ia-Iike fi-l. It showed striking similarities In Ae restric- 
tion endonuclease sites with the fi-l clone Isolated by Wlman 
ef d. (28), also derived from Raji mRNA. Five sites for enzymes 
recognizing 5 or 6 bp were conserved, indicating a high degree 
of homology. The amino add sequence d f Ju ^ 1 fir °F 0 ™Jf" 
qaence of the Uppsala 0-1 done matched only 21 of 34 NHr 
terminal amino adds determined for Raji B chafes (^. There- 
fore, this done corresponds to a B chain of '* mteor Ia-Utej in- 
tigen. No evidence was presented for allelic polymorphism of 
thisla-llke antigen (28). The differences between the Uppsala 
B-l done and our Ia-Iike B-l done can be either allelic or 
nonallelic. 
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Structural comparison between DR and Ia-Itlce cDNA done* 
showed that, although 3' untranslated regions do not cross-by 
brfdize, coding regions cross-hybridire at an Intermediate strin- 
gency, indicating about 20% divergence. This observation pro- 
vides an explanation for the isolation of done 68-6. Under the 
same stringency as was used in the mRNA hybrid-selection, 
done MS hybridized weakly with *e DR 0-1 done. Even 
though tiSS may encode not a DR but another la-like 0 chain, 
it was able to select DR B mRNA with a low efficiency, which 
was then identified in toe complementation-expression assay 
for DR antigen. 

The in ctoo expression of the DR and the Ia-Iike0 chains was 
analyzed at the RNA level. Both 0-chain mRNAt were B-ceD 
specific. Three different T-ceD lines were negative, as wis pan- 
creas. In addition to the major RNA species, each cDNA clone 
hybridized to distinct longer RNA molecules. It is not dear 
whether these longer RNA molecules represent different tran* 
scripts of the same gene or transcripts from different zenes. The 
DR 0-1 cDNA done has a long 3' sequence and maybe derived 
from a longer transcript. 

In conclusion, we have isolated full-length cDNA clones for 
two distinct 0 chains of human la antigens. One encodes a DK 
0 chain; the other c o rresponds to another locus, which can be 
either DC, SB, or an as yet unidentified locus. The DR 0-chain 
cDNA done and the other 0-chain cDNA done show moderate 
sequence conservation in the coding regions but complete di- 
vergence in the 3' untranslated regions. 

Nota Added in Proof. The la-like 0done his a strong homology to the 
mouse I'A fi chain gene (33) and thus mav corns pond to 11 LA- DC 
Eitensto polymorphism was detected with the DR and the Ia»Uke 0 
dones in human DNA (34). 

We are grateful to C. Mottet for excellent technical assistance, G. 
Corte for a gift dinonodonal antibody BT 2.2, G. Marti for a gift of m 
chronic rymphocyti; leukemia B cells, C. Ucbforaglftofpoly(A) 4 RNA 
from human pancreas and liver, M. Clphart for the nomorygous B-ctfl 
line HHK, J. Gorild for help with the DNA sequence analysis, and J. 
P. Mach for useful comments on the manuscript. This research was sup- 
ported by the Swiss National Fund for Scientific Research. 
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